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(54) AIR CONDITIONER AND METHOD OF CONTROLLING WASHING OPERATION THEREOF 



(57) An air conditioner which includes ports (22, 23, 
24) provided on portions in a refrigerant circuit where oil 
are liable to gather, such as bottoms of a compressor 
(1), accumulator (5), a receiver (12) and the like, 
through which ports a refrigerant is extracted and 
charged. The air conditioner is further provided with a 
control unit (50) for controlling washing operation for the 
refrigerant circuit, such that at the time of washing of the 
refrigerant circuit, washing operation is continued under 
the control of the control unit (50) for a predetermined 
period of time while increasing a frequency of the com- 
pressor (1 ) so as to, for example, make a temperature in 
a discharge pipe (2) higher than a predetermined value, 
and then is stopped, and the washing operation is 
resumed after a fixed period of time. In the air condi- 
tioner, washing of the refrigerant circuit is efficiently and 
effectively performed by repeatedly starting and stop- 
ping the operation of the compressor (1) predetermined 
times within a predetermined period of time. After wash- 
ing, the refrigerant and an oil are replaced by new ones. 
Such replacement is simply performed through the 
ports (22, 23, 24). 
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Description 
TECHNICAL FIELD 

The present invention relates to an air conditioner 
which can perform washing operation for removal of 
impurities within a refrigerant circuit, and to a method of 
controlling the washing operation. 

BACKGROUND ART 

In recent years, destruction of the ozone layer due 
to chlorine-containing refrigerants such as HCFC 
(hydrochlorofluorocarbon) 22 (CHCIF2), which have 
conventionally been used in air conditioners and refrig- 
erators, has become a great issue. As a result, HFC 
(hydrofluorocarbon) alternative refrigerants containing 
no chlorine have come to be used in place of HCFC 22 
as a measure for preventing the destruction of the 
ozone layer. 

As for the refrigerator oil, there is a need of using 
those matching the refrigerant used together. The 
refrigerator oil for use with the HFC refrigerants is exem- 
plified by synthetic oils (for example, ester, ether, alkyl 
benzene oil and the like). 

However, when such a synthetic oil is used as the 
refrigerator oil, unlike mineral oils that have convention- 
ally been used, care must be taken about residual impu- 
rities other than the refrigerator oil and the refrigerant 
(i.e., contaminants, including residual oils such as cut- 
ting oil, rolling oil, tube-expanding oil and process oil 
which remain in the refrigerant circuit, as well as resid- 
ual foreign matters such as metal wear powder and pol- 
ymer). This is because these residual impurities may 
cause clogging or other malfunction of pressure reduc- 
ing equipment (for example, small -diameter tubes such 
as capillary tubes and electro-expansion valves). There- 
fore, for systems with an HFC refrigerant and a syn- 
thetic oil employed, it has been a common practice to 
perform a flushing operation, i.e., a washing operation 
for the interior of the refrigerant system of the equip- 
ment in order to eliminate residual impurities. 

However, since no effective method of washing 
operation has been yet established, equipment having 
such a special operation mode as washing operation 
mode has not been available, either. Accordingly, hith- 
erto, the washing has been accomplished through an 
operation continued for an appropriate period of time in 
forced cooling operation mode or forced heating opera- 
tion mode. Upon completion of the washing operation, 
components such as the compressor in which oil is lia- 
ble to gather and residual impurities are contained in 
larger quantities, are removed from the system, and the 
oil is taken out of the removed components, thereby 
residual impurities are discharged. Further, new oil is 
re-charged and, finally, the removed components are 
assembled again to the system. However, it was often 
that only a very small quantity of residual impurities was 
discharged so that the refrigerant circuit was errone- 



ously decided to be insufficiently washed. In such a 
case, the above sequence of work was repeated several 
times in order to remove the residual impurities to below 
a control level. 

5 Since the conventional washing of the refrigerant 
circuit was done blindly as seen above, it was often that 
the washing operation was performed for a long time 
resulting in a problem that much time was required for 
washing. Further, because troublesome removal and 

10 re-assembly of components were needed at each time 
of discharge of residual impurities, i.e., oil replacement, 
much time was needed for the elimination of residual 
impurities eventually In the conventional method, not 
only that the oil is replaced each time the washing oper- 

15 ation is performed, but also that the residual-impurities 
eliminating work comprises many steps as described 
above, which required high costs. In addition to these 
problems, the conventional method has a problem of 
increased man-hours for development tests such as 

20 reliability test and evaluation test. 

DISCLOSURE OF THE INVENTION 

The present invention has been accomplished in 

25 view of these problems. An object of the present inven- 
tion is therefore to provide an air conditioner and a 
method of controlling washing operation thereof, capa- 
ble of performing the washing operation with good effi- 
ciency and in short time, accomplishing the impurities- 

30 removal work simply, and improving the reliability by 
enhancing the washing effect. 

In order to accomplish the above object, the 
present invention provides an air conditioner in which a 
compressor, a condenser, an expansion mechanism 

35 and an evaporator are connected to one another in 
sequence to form a closed refrigerant circuit through 
which a refrigerant is circulated, characterized in that a 
port for extracting and charging oil is provided at a por- 
tion within the refrigerant circuit where oil is liable to 

40 gather. 

According to this invention, since the port exclu- 
sively for extracting and charging oil is provided at a por- 
tion in which oil is liable to gather, oil replacement work 
associated with the removal of impurities becomes eas- 

45 ier to carry out and shorter in working time, as com- 
pared with the conventional method. 

Portions where oil is liable to gather are typically 
bottom portions of the compressor, accumulator, 
receiver, and the like. 

so Also, the present invention provides a washing 
operation controlling method for an air conditioner in 
which a compressor, a condenser, an expansion mech- 
anism and an evaporator are connected to one another 
in sequence to form a closed refrigerant circuit through 

55 which a refrigerant is circulated, characterized by 
repeating a starting and stopping of operation of the 
compressor predetermined times within a predeter- 
mined period of time during a washing operation. 

An air conditioner to carry out the above washing 
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operation controlling method has a control unit tor con- 
trolling the compressor to repeat a starting and stopping 
of operation predetermined times within a predeter- 
mined period of time. 

Prior to making the present invention, the present 
inventors investigated the product washing effect by tak- 
ing the operating time, the number of starting/stopping 
of operation, and the discharge temperature in the 
refrigerant circuit as parameters. As a result, it was 
found that increasing the number of times of start- 
ing/stopping of operation rather than prolonging the 
operating time leads to a greater washing effect. The 
present invention is based on these investigation 
results. Therefore, according to the present invention, 
residual impurities present in the refrigerant circuit can 
be eliminated in shorter time than by the conventional 
method, and yet the washing effect is improved. Since 
the washing time can be reduced, it becomes possible 
to reduce the cost. Also, by the improvement in the 
washing effect, it becomes possible to improve the reli- 
ability of pressure reducing equipment such as capillary 
tubes and electro-expansion valves as well as to protect 
the compressor. 

Further, the investigation results conducted by the 
present inventors have indicated that when the dis- 
charge pressure (which can be converted into a dis- 
charge temperature) is increased, the differential 
pressure between the higher and lower sides of the 
compressor increases proportionally thereto, so that the 
residual impurities accumulated in the motor of the com- 
pressor become more likely to be pushed out. Based on 
this investigation result, in a washing operation control- 
ling method according to an embodiment, either pres- 
sure or temperature is detected at a predetermined 
position in the refrigerant circuit, and with respect to one 
time of operation, the operation of the compressor is 
continued while controlling an operational frequency of 
the compressor so that the pressure or temperature 
becomes higher than a predetermined value, and there- 
after the operation is stopped for a predetermined 
period of time. 

The pressure or temperature at the predetermined 
position may be a pressure or temperature within a dis- 
charge pipe connected to the compressor, or a pressure 
or temperature within the condenser. In an embodiment, 
by detecting pressure or temperature within the dis- 
charge pipe connected to the compressor as well as 
pressure or temperature within the condenser, the fre- 
quency of the compressor is controlled so that the pres- 
sure or temperature of either one of the discharge pipe 
or the condenser becomes higher than the predeter- 
mined value. 

In order to carry out this method of controlling 
washing operation, the air conditioner in an embodi- 
ment comprises a sensor means for detecting tempera- 
ture or pressure of the discharge pipe and/or the 
condenser. Since the temperature and the pressure can 
be converted into each other, the sensor to be used may 
be a temperature sensor or a pressure sensor. In this air 



conditioner, the control unit comprises first decision 
means for deciding whether or not an output from the 
sensor is greater than the predetermined value, and 
operational frequency increasing means for controlling 

5 an operational frequency controller to increase an oper- 
ational frequency of the compressor when the first deci- 
sion means has decided that the output from the sensor 
is equal to or lower than the predetermined value. The 
control unit further comprises starting/stopping control 

70 means for controlling the compressor to continue an 
operation until a predetermined time elapses after the 
operation starts, and thereafter to stop the operation for 
a predetermined period of time. Thus, by means of the 
first decision means, the operational-frequency control 

is means and the starting/stopping control means, the 
control unit of the air conditioner continues the opera- 
tion of the compressor for the predetermined period of 
time while controlling the frequency of the compressor 
so that the pressure or temperature at the predeter- 

20 mined position of the refrigerant circuit becomes greater 
than a predetermined value, and thereafter stops the 
operation for the predetermined period of time, with 
respect to one time of operation. The starting and stop- 
ping of the operation of the compressor by the start- 

25 ing/stopping control means is repeated predetermined 
times. 

In a washing operation controlling method accord- 
ing to another embodiment, a differential pressure 
between a higher side pressure and a lower side pres- 

30 sure of the compressor is determined, and with respect 
to one time of operation, the operation of the compres- 
sor is continued while a frequency of the compressor is 
controlled so that the differential pressure becomes 
higher than the predetermined value, and thereafter the 

35 operation is stopped for a predetermined period of time. 
An air conditioner for carrying out this method com- 
prises sensors for detecting the higher-side pressure 
and the lower-side pressure of the compressor. Also, 
the control unit comprises second decision means for, 

40 upon receipt of outputs from the sensors, deciding 
whether or not a differential pressure between the 
higher side pressure and the lower side pressure is 
greater than a predetermined value, and operational- 
frequency increasing means for controlling an opera- 

45 tional frequency controller to increase an operational 
frequency of the compressor when the second decision 
means has decided that the differential pressure is 
equal to or lower than the predetermined value. Further, 
the control unit comprises starting/stopping control 

so means for controlling the compressor to continue an 
operation until a predetermined time elapses after the 
operation starts, and thereafter to stop the operation for 
a predetermined period of time. Thus, by means of the 
second decision means, the operational -frequency con- 

55 trol means and the starting/stopping control means, the 
control unit of this air conditioner continues the opera- 
tion of the compressor for the predetermined period of 
time while controlling the frequency of the compressor 
so that the differential pressure between the higher and 
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lower sides of the compressor becomes greater than 
the predetermined value, and then stops the operation 
tor the predetermined period of time, with respect to one 
time of operation. The starting/stopping of the operation 
of the compressor by the starting/stopping control 5 
means is repeated predetermined times. 

In an embodiment, the air conditioner further com- 
prises a four way valve provided in the refrigerant circuit 
for switching over the circuit between a cooling opera- 
tion and a heating operation, and an outside air temper- 10 
ature sensor for detecting an outside air temperature. 
And the control unit comprises third decision means for 
deciding whether or not an output from the temperature 
sensor is equal to or higher than a predetermined tem- 
perature, and operation mode control means for control- 15 
ling the four way valve based on the decision result. The 
operation mode control means controls the four way 
valve in such a way that when the third decision means 
has decided that outside air temperature is equal to or 
higher than the predetermined value, the washing oper- 20 
ation is performed in the cooling mode, and when it has 
been decided that the outside air temperature is lower 
than the predetermined value, the washing operation is 
performed in the heating mode. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a refrigerant circuit diagram of an air condi- 
tioner according to an embodiment of this invention; 
Fig. 2 is an explanatory view showing connection 30 
between the compressor as well as the accumula- 
tor and the extracting/charging ports in the embodi- 
ment of this invention; 

Fig. 3 is an explanatory view showing connection 
between the receiver and the extracting/charging 35 
port in the embodiment of this invention; 
Fig. 4 is a graph showing results of investigating the 
product washing effect by taking, as parameters, 
the operating time and the number of times of the 
starting/stopping in the refrigerant circuit of Fig. 1 ; 40 
Fig. 5 is a flow chart of the washing operation con- 
trol in the embodiment of this invention; 
Fig. 5A and Fig. 5B illustrate variants of step S5 of 
Fig. 5; 

Fig. 6 shows a printed wiring board of an outdoor 45 
unit in the embodiment of this invention; and 
Fig. 7 shows a printed wiring board of an existing 
outdoor unit. 

BEST MODE FOR CARRYING OUT THE INVENTION so 

Now a concrete embodiment of the air conditioner 
of the present invention is described in detail with refer- 
ence to the accompanying drawings. Fig. 1 shows a dia- 
gram of a refrigerant circuit in this embodiment. 55 
Referring to the figure, reference characters A and B 
denote an outdoor unit and an indoor unit, respectively. 

The outdoor unit A is equipped with a compressor 
1 , and an inverter 52 is connected to the compressor 1 . 



The inverter 52 controls the operational frequency of the 
compressor 1 under the control of a control unit 50. 

A discharge pipe 2 and a suction pipe 3 of the com- 
pressor 1 are connected to a four way valve 4. An accu- 
mulator 5 is interposed on the suction pipe 3. A first gas 
tube 6 and a second gas tube 7 are connected to the 
four way valve 4. An outdoor heat exchanger 9 is con- 
nected to the second gas tube 7, while a propeller fan 
10 is attached to the outdoor heat exchanger 9. Also, a 
first liquid tube 11, a receiver 12 and a second liquid 
tube 13 are sequentially connected to the outdoor heat 
exchanger 9, and an electro-expansion valve 14 is inter- 
posed on the first liquid tube 11. A liquid closing valve 
1 5 and first field piping 1 6 are sequentially connected to 
the second liquid tube 13. Meanwhile, a gas closing 
valve 8 and second field piping 17 are sequentially con- 
nected to the first gas tube 6. An indoor heat exchanger 
18 is connected between the first field piping 16 and the 
second field piping 17, and a cross-flow fan 19 is 
attached to the indoor heat exchanger 18. Further, the 
second liquid tube 13 and the first liquid tube 11 are 
connected to each other via a de-frosting bypass tube 
20, and a solenoid valve 21 is provided on the de-frost- 
ing bypass tube 20. 

In Fig. 1, reference numeral 25 denotes a check 
valve, 26 denotes a capillary tube, 27 and 28 denote 
mufflers, 29 and 30 denote single union pipe joints, 
respectively, 33 denotes a filter, and M denotes a motor. 
Also, P1 through P9 denote pressure sensors, Te 
denotes a temperature sensor for measuring an outdoor 
temperature, TC1 and TC2 denote temperature sensors 
attached to the outdoor heat exchanger 9 and the 
indoor heat exchanger 18, respectively. Among outputs 
from the pressure sensors P1 to P9, it is the output from 
the pressure sensor P1 provided at the discharge pipe 
2 that are used for the washing operation controlling 
operation in this embodiment, as will be described later. 
Outputs from the other sensors are used for the control 
during operations other than the washing operation. 

In this refrigerant circuit, with the four way valve 4 
switched over, the refrigerant discharged from the com- 
pressor 1 is circulated from the outdoor heat exchanger 
9 serving as a condenser to the indoor heat exchanger 
18 serving as an evaporator, as shown by broken arrow 
in the figure, whereby the cooling operation is executed. 
Meanwhile, the heating operation is executed by circu- 
lating the discharged refrigerant from the indoor heat 
exchanger 18 serving as a condenser to the outdoor 
heat exchanger 9 serving as an evaporator as shown by 
solid line in the figure. 

In the refrigerant circuit shown in Fig. 1, extract- 
ing/charging ports 22, 23, 24 are connected to the com- 
pressor 1, the accumulator 5 and the receiver 12, 
respectively. In this connection, a connecting aspect 
between the compressor 1, the accumulator 5 and the 
extracting/charging ports 22, 23 is shown in Fig. 2, while 
a connecting aspect between the receiver 12 and the 
extracting/charging port 24 is shown in Fig. 3. Referring 
to Fig. 2, a suction port 31 formed on top of the accumu- 
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lator 5 is connected to the refrigerant circuit so that the 
refrigerant is sucked into it, and piping 32 is extended 
from the bottom of the accumulator 5 with the extract- 
ing/charging port 23 provided at its tip. A discharge port 
34 formed on top of the compressor 1 is connected to 5 
the refrigerant circuit so that the refrigerant is dis- 
charged therefrom, and piping 35 is extended from the 
bottom surface of the compressor 1 with the extract- 
ing/charging port 22 provided at its tip. Referring to Fig. 
3, suction and discharge ports 37, 38 formed on top of 10 
the receiver 12 are connected to the refrigerant circuit 
so that the refrigerant is sucked into and discharged 
from them, respectively, and piping 39 is extended from 
the bottom surface of the receiver 12 with the extract- 
ing/charging port 24 provided at its tip. 15 

Next, the method of eliminating impurities remain- 
ing in the refrigerant circuit, i.e. in the system is 
explained. The residual impurities, as described above, 
include residual oils other than the refrigerator oil con- . 
tained in the refrigerant system, such as cutting oil, roll- 20 
ing oil, tube-expanding oil and process oil, and further 
include residual foreign matters such as metal wear 
powder and polymers. 

Using the refrigerant circuit of Fig. 1 , the washing 
effect was investigated by taking the operating time, the 25 
number of times of the starting and stopping, and the 
discharge temperature as parameters. 

Fig. 4 plots the washing effect in the form of cumu- 
lative amount of deposited residual impurities (mg) in 
the case where the parameters are given only by the 30 
operating time and the number of times of the starting 
and stopping. As apparent from Fig. 4, the washing 
effect was better when the number of times of the start- 
ing and stopping was made greater rather than when 
the operating time was prolonged. More specifically, the 35 
washing effect was better when the washing operation 
involving three times of the starting and stopping during 
an operating time of 24 hours was repeated three times, 
than when the washing operation involving twenty times 
of the starting and stopping during an operating time of 40 
2 hours was repeated three times. Therefore, it was 
proved that increasing the number of starting and stop- 
ping times allows the residual impurities within the 
refrigerant system to be removed in a shorter time than 
by the conventional method. 45 

Differential pressure AP between the discharge port 
34 (higher pressure side) of the compressor 1 and the 
suction port 31 (lower pressure side) of the accumulator 
5 is proportional to the discharge pressure. Therefore, 
increasing the discharge pressure made it easier to so 
push out the residual impurities accumulated in the 
motor (between laminates) of the compressor 1 . As a 
result, it was proved that increasing the differential pres- 
sure AP by increasing the discharge pressure is effec- 
tive to enhance the washing effect. ss 

Next, actual washing operation is explained with 
reference to the control flow chart of Fig. 5. Note that as 
shown in Fig. 6, a washing operation mode switch 41 is 
provided on a printed wiring board 40 of the outdoor unit 



A. Turning on the washing operation mode switch 41 
causes the control unit 50 (see Fig. 1 ) to execute the fol- r 
lowing washing operation control in sequence. 

For execution of the washing operation, the wash- 
ing operation mode switch 41 is first turned on (step 
S1 ). In response to this, a counter (not shown) for count- 
ing the number N of times of operation and a timer (not 
shown) for measuring the operating time t are initialized. 

Next, an outside air temperature Te measured by 
the temperature sensor Te is compared with a predeter- 
mined temperature T1 (step S2). If the outside air tem- 
perature Te is equal to or higher than the predetermined 
temperature T1 , the four way valve 4 is switched to the 
cooling-operation side so that the washing operation is 
executed in the cooling mode (step S3). If not, the four 
way valve 4 is switched to the heating-operation side so 
that the washing operation is executed in the heating 
mode (step S4). 

Subsequently, at step S5, a discharge tube temper- 
ature Td and a condensation temperature Tc are com- 
pared with a set temperature T2, respectively. If the 
discharge tube temperature Td or the condensation 
temperature Tc is equal to or lower than the set temper- 
ature T2, the inverter 52 is controlled so that the opera- 
tional frequency of the compressor 1 is increased (step 
S6). If the discharge tube temperature Td or the con- 
densation temperature Tc is higher than the set temper- 
ature T2, or if Td or Tc has become higher than T2 as a 
result of increasing the operational frequency at step 
S6, the program goes to step S7. 

It is noted that the discharge tube temperature Td is 
determined by converting into a temperature a pressure 
detected by the pressure sensor P1 provided on the dis- 
charge pipe 2. Instead of the pressure sensor P1, a 
temperature sensor may be provided to directly meas- 
ure the discharge tube temperature Td. Also, the con- 
densation temperature Tc is a temperature of the 
outdoor heat exchanger 9 or the indoor heat exchanger 
1 8 detected by the temperature sensor TC1 or the tem- 
perature sensor TC2 (TC1 for the cooling mode, TC2 for 
heating mode). 

At step S7, it is decided whether or not the number 
N of times of operation is 1 and the operating time t is 
more than 60 minutes [N = 1 and t > 60 (min.)], or 
whether or not the number N of times of operation satis- 
fies 2^N3i1 (where n1 is a set number) and the operat- 
ing time t satisfies t > 10 (min.). Then, if NO is answered 
at step S7, the program returns to step S5; if YES is 
answered at step S7, the program goes to step S8. That 
is, at the first time of operation, i.e. when the number N 
of times of operation is 1, the operation is continued to 
warm the refrigerant and oil until the operating time t 
exceeds 60 minutes. Further, at the second and follow- 
ing operations, i.e. when the number N of times of oper- 
ation is 2 or more, since the refrigerant and oil have 
already been warmed, the operation is continued until 
the operating time t exceeds 1 0 minutes. 

At step S8, the operation is stopped for three min- 
utes, and the program goes to step S9. If the number N 
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of times of operation is greater than the set number n1 , 
the program goes to step S10. If the number N of times 
of operation is equal to or smaller than the set number 
n1 , the program returns to step S5, where the operation 
is repeated. 

The set number n1 is, for example, 20. 

At step S10, alarm display is executed. Then, the 
operation is finally stopped at step S1 1 . 

Upon completion of the washing operation, the oil 
replacement is done at the extracting/charging ports 22, 
23, 24 provided to the compressor 1 , the accumulator 5 
and the receiver 12. In addition, it is preferable that the 
extracting/charging ports 22, 23 24 have been sub- 
jected to pinch soldering or the like at the shipping time. 

In the air conditioner of this embodiment, the 
extracting/charging ports 22, 23, 24 for extracting and 
charging oil are provided at portions where oil is liable to 
gather, such as the bottoms of the compressor 1 , the 
accumulator 5 and the receiver 12. Therefore, there is 
no need of removing or re-assembling the compressor 
1 , the accumulator 5 and the receiver 1 2 themselves, so 
that the work of extracting and charging the oil becomes 
easier than before. Also, by the improvement in worka- 
bility as seen above, it becomes possible to reduce the 
cost. 

Further, in the air conditioner of this embodiment, 
the discharge temperature Td, the condensation tem- 
perature Tc and the operating time t are controlled to a 
predetermined temperature and a predetermined time, 
and the washing operation control in which opera- 
tion/stopping are repeated predetermined times during 
the predetermined operating time. Thus, the residual 
impurities in the refrigerant circuit can be eliminated in a 
shorter time than before, and the washing effect can 
also be enhanced. In addition, cost reduction is enabled 
by the reduction in the washing time. Moreover, 
improvement in the reliability of the pressure reducing 
equipment, such as capillary tube and electro-expan- 
sion valve and the like, as well as the protection of the 
compressor is attainable by the improvement of the 
washing effect. 

One embodiment of the present invention has been 
described above. However, the present invention may 
be embodied with changes in various ways without 
being limited to the above embodiment. 

For example, although the extracting/charging ports 
22, 23, 24 for extracting and charging oil are provided at 
bottom portions of the compressor 1 , accumulator 5 and 
the receiver 12 in the foregoing embodiment, it suffices 
to provide such a port at any one of the above portions, 
or some other places in the refrigerant circuit if oil is lia- 
ble to gather there. Also, the ports 22, 23, 24 are only 
required to be ones that allow oil to be extracted or 
charged and that can be opened and closed. 

Also, in the embodiment, the washing operation 
mode switch 41 is on the printed wiring board 40 of the 
outdoor unit and the washing operation control is per- 
formed in the washing operation mode. However, alter- 
natively, the above sequence of washing operation 



control may be executed by using the forced cooling or 
forced heating operation mode on a printed wiring board 
42 of the existing outdoor unit, as shown in Fig. 7, with- 
out providing the washing operation mode switch. 

5 Further, in the above embodiment, both the dis- 
charge tube temperature Td and the condensation tem- 
perature Tc are detected and it is decided whether or 
not either of them exceeds the predetermined tempera- 
ture T2 at step S5 of Fig. 5. However, the step S5 of Fig. 

10 5 may be substituted by step S1 5 of Fig. 5A or step S25. 
That is, instead of detecting both the discharge tube 
temperature Td and the condensation temperature Tc, 
the discharge tube temperature Td only may be 
detected, followed by deciding whether or not the dis- 

is charge tube temperature Td exceeds the set tempera- 
ture T2 (step S15 of Fig. 5A). Also, instead of these, it is 
also possible to calculate the differential pressure AP 
between high-pressure side and low-pressure side of 
the compressor 1 from an output of the pressure sensor 

20 P 1 of the discharge pipe 2 and an output of the pressure 
sensor P2 of the suction pipe 3 and then decide whether 
or not the differential pressure AP is equal to or higher 
than a predetermined value Vp (step S25 of Fig. 5B). 
Moreover, temperature sensors may also be used 

25 instead of the various pressure sensors P1 to P9 used 
in this embodiment. 

INDUSTRIAL APPLICABILITY 

30 The present invention is applicable to equipment 
having a refrigerant circuit, such as air conditioners and 
refrigerators. 

Claims 

35 

1 . An air conditioner in which a compressor (1 ), a con- 
denser (9 or 18), an expansion mechanism (14) 
and an evaporator (18 or 9) are connected to one 
another in sequence to form a dosed refrigerant cir- 

40 cuit through which a refrigerant is circulated, char- 
acterized in that: 

a port (22, 23, 24) for extracting and charging 
oil is provided at a portion within the refrigerant 
45 circuit where the oil is liable to gather. 

2. The air conditioner as claimed in Claim 1 , wherein 
the port (22, 23, 24) is provided at a bottom portion 
of at least one of the compressor (1), an accumula- 

so tor (5) and a receiver (12). 

3. An air conditioner in which a compressor (1 ), a con- 
denser (9 or 18), an expansion mechanism (14) 
and an evaporator (18 or 9) are connected to one 

55 another in sequence to form a closed refrigerant cir- 
cuit through which a refrigerant is circulated, char- 
acterized by: 

a control unit (50) for controlling the compres- 
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sor (1) to repeat a starting and stopping of 
operation predetermined times within a prede- 
termined period of time when the refrigerant 
circuit is washed. 

4. The air conditioner as claimed in Claim 3, further 
comprising: 

a sensor (P1, TC1, TC2) for detecting either 
pressure or temperature at a predetermined 
position within the refrigerant circuit, 
the control unit (50) comprising: 

first decision means (steps S5, S15) for 
deciding whether or not an output from the 
sensor (P1, TC1, TC2) is greater than a 
predetermined value (T2); and 
operational frequency increasing means 
for controlling an operational frequency 
controller (52) to increase an operational 
frequency of the compressor (1) when the 
first decision means (steps S5, S15) has 
decided that the output from the sensor 
(P1, TC1. TC2) is equal to or lower than 
the predetermined value (T2). 

5. The air conditioner as claimed in Claim 4, wherein 
the control unit (50) comprises starting/stopping 
control means (S6, S8) for controlling the compres- 
sor (1) to continue an operation until a predeter- 
mined time elapses after the operation starts, and 
thereafter to stop the operation for a predetermined 
period of time. 

6. The air conditioner as claimed in Claim 4, wherein 
the sensor (P1) detects either pressure or tempera- 
ture within a discharge pipe (2) connected to the 
compressor (1). 

7. The air conditioner as claimed in Claim 4, wherein 
the sensor detects either pressure or temperature 
within the condenser (9 or 18). 

8. The air conditioner as claimed in Claim 4 t wherein 

said sensor includes a first sensor (P1) for 
detecting either pressure or temperature within 
the discharge pipe (2) connected to the com- 
pressor (1), and a second sensor (TC1, TC2) 
for detecting either pressure or temperature 
within the condenser (9 or 18), and 
the operational-frequency increasing means 
(S6) controls the operational frequency control- 
ler (52) to increase the operational frequency of 
the compressor (1) if the first decision means 
(step S15) has decided that the output from 
either one of the first sensor (P1 ) or the second 
sensor (TC1 , TC2) is equal to or lower than the 
predetermined value (T2). 



9. The air conditioner as claimed in Claim 3, further 
comprising: 

sensors (P1, P2) for detecting a higher-side 
5 pressure and a lower-side pressure of the com- 

pressor (1), 

the control unit comprising: 

second decision means (step S25) for, 
10 upon receipt of outputs from the sensors 

(P1, P2), deciding whether or not a differ- 
ential pressure (AP) between the higher 
side pressure and the lower side pressure 
is greater than a predetermined value (Vp); 
15 and 

operational-frequency increasing means 
(step S6) for controlling an operational fre- 
quency controller (52) to increase an oper- 
ational frequency of the compressor (1) 
20 when the second decision means (step 

S25) has decided that the differential pres- 
sure (AP) is equal to or lower than the pre- 
determined value (Vp). 

25 10. The air conditioner as claimed in Claim 9, wherein 
the control unit comprises starting/stopping control 
means (steps S6, S8) for controlling the compres- 
sor (1) to continue an operation until a predeter- 
mined time elapses after the operation starts, and 

30 thereafter to stop the operation for a predetermined 
period of time. 

11. The air conditioner as claimed in Claim 3. further 
comprising: 

35 

a four way valve (4) provided in the refrigerant 
circuit for switching over between a cooling 
operation and a heating operation; and 
an outside air temperature sensor (Te) for 
40 detecting an outside air temperature, 

the control unit comprising: 

third decision means (step S2) for deciding 
whether or not an output from the temper- 

45 ature sensor (Te) is equal to or higher than 

a predetermined temperature (T1); and 
operation mode control means (steps S3, 
S4) for controlling the four way valve (4) 
such that if the third decision means (step 

so S2) has decided that the outside air tem- 

perature is equal to or higher than the pre- 
determined value, the washing operation is 
executed in a cooling mode, and that if it is 
decided that the outside air temperature is 

55 lower than the predetermined value, the 

washing operation is executed in a heating 
mode. 

12. The air conditioner as claimed in Claim 3, further 
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comprising a washing operation mode switch (41) 
for starting the washing operation. 

13. A washing operation controlling method for an air 
conditioner in which a compressor (1 ), a condenser 5 
(9 or 18), an expansion mechanism (14) and an 
evaporator (18 or 9) are connected to one another 

in sequence to form a closed refrigerant circuit 
through which a refrigerant is circulated, character- 
ized by: 10 

repeating a starting and stopping of operation 
of the compressor (1) predetermined times 
within a predetermined period of time during a 
washing operation. 15 

14. The washing operation controlling method as 
claimed in Claim 13, comprising: 

detecting either pressure or temperature at a 20 
predetermined position in the refrigerant cir- 
cuit; and 

with respect to one operation, continuing the 
operation of the compressor (1) while control- 
ling an operational frequency of the compres- 25 
sor (1) so that the pressure or temperature 
becomes higher than a predetermined value 
(T2), and thereafter stopping the operation for 
a predetermined period of time. 

30 

15. The washing operation controlling method as 
claimed in Claim 14, comprising: 

detecting either pressure or temperature within 
a discharge pipe (2) connected to the compres- 35 
sor (1) as the pressure or temperature at the 
predetermined position. 

16. The washing operation controlling method as 
claimed in Claim 14, comprising: 40 

detecting either pressure or temperature within 
the condenser (9 or 18) as the pressure or tem- 
perature at the predetermined position. 

45 

17. The washing operation controlling method as 
claimed in Claim 14, comprising: 

detecting either pressure or temperature within 
a discharge pipe (2) connected to the compres- so 
sor (1) and either pressure or temperature 
within the condenser (9 or 18) as the pressure 
or temperature at the predetermined position; 
and 

controlling a frequency of the compressor (1) 55 
so that the pressure or temperature of either 
one of the discharge pipe (2) or the condenser 
(9 or 18) becomes higher than the predeter- 
mined value (T2). 



18. The washing operation controlling method as 
claimed in Claim 13, comprising: 

determining a differential pressure (AP) 
between a higher side pressure and a lower 
side pressure of the compressor (1); and 
with respect to one operation, continuing the 
operation of the compressor (1) while control- 
ling a frequency of the compressor (1) so that 
the differential pressure (AP) becomes higher 
than the predetermined value (Vp), and there- 
after stopping the operation for a predeter- 
mined period of time. 

19. The washing operation controlling method as 
claimed in Claim 13, comprising: 

detecting an outside air temperature; 
comparing the detected outside air tempera- 
ture (Te) with a predetermined temperature 
(T1); and 

performing a washing operation in cooling 
mode when the outside air temperature (Te) is 
equal to or higher than the predetermined tem- 
perature (T1), and performing the washing 
operation in heating mode when the outside air 
temperature is lower than the predetermined 
value. 
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ABSTRACT : 

CHG DATE=19990617 STATUS=0> An air conditioner which includes 
ports (22, 23, 

24) provided on portions in a refrigerant circuit where oil are 
liable to 

gather, such as bottoms of a compressor (1), accumulator (5), a 
receiver (12) 

and the like, through which ports a refrigerant is extracted and 
charged. The 

air conditioner is further provided with a control unit (50) for 
controlling 

washing operation for the refrigerant circuit, such that at the time 
of washing 

of the refrigerant circuit, washing operation is continued under the 
control of 
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the control unit (50) for a predetermined period of time while 
increasing a 

frequency of the compressor (1) so as to, for example, make a 
temperature in a 

discharge pipe (2) higher than a predetermined value, and then is 
stopped, and 

the washing operation is resumed after a fixed period of time. In 
the air 

conditioner, washing of the refrigerant circuit is efficiently and 
effectively 

performed by repeatedly starting and stopping the operation of the 
compressor 

(1) predetermined times within a predetermined period of time. After 
washing, 

the refrigerant and an oil are replaced by new ones. Such 
replacement is 

simply performed through the ports (22, 23, 24) . < IMAGE > 
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